The monogamous prairie vole displays developmental sensitivity to early pharmacological manipulation in a number of species-typical social behaviors. The long-term consequences of altering the neonatal dopamine system are not well characterized. This study examined whether early manipulation of the dopamine system, a known mediator of adult prairie vole social behavior, during neonatal development would affect adult aggressive and attachment behaviors. Eight-day-old pups were given a single treatment with either 1 mg/kg of SKF38393 (D1 agonist), quinpirole (D2 agonist), SCH23390 (D1 antagonist), eticlopride (D2 antagonist), or saline vehicle. As adults, animals received tests for intrasexual aggression and partner preference. Activation of D1-like receptors in pups impaired partner preference formation, but had no effect on aggression. Other neonatal treatments had no effect on their behavior as adults. To determine whether D1 activation in pups induced changes in dopamine receptor expression, we performed autoradiography on striatal tissue from a second cohort of saline-treated and SKF38393-treated animals. Although sex differences were observed, we found no treatment differences in D1 or D2 receptor binding in any striatal subregion. This study shows that exposure to a single early pharmacological alteration of dopamine receptor activity may have long-term effects on the social behavior of prairie voles.
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Introduction
The prairie vole displays a number of behaviors indicative of a monogamous social organization including pair bonding and biparental care (Carter and Getz, 1993) . Pair-bonding behaviors are reliably studied in the laboratory using a variety of behavioral assays including partner preference testing and tests for selective aggression (Getz et al., 1981; Williams et al., 1992 Williams et al., , 1994 . Although these social behaviors are characteristic of the general population, they are sensitive to environmental manipulations experienced early in development. This has been demonstrated by studies using neonatal manipulations of neurotransmitter systems already known to modulate adult social interactions such as oxytocin and vasopressin (as reviewed in Carter et al., 2009) . For example, a single neonatal injection of oxytocin has long-lasting effects on partner preference formation in a dose-dependent and sexspecific manner (Carter, 2003; Bales and Carter, 2003b; Bales et al., 2007; Carter et al., 2008) , with some effects on intrasexual aggression (Bales and Carter, 2003a) . Moreover, repeated exposure to vasopressin over the first postnatal week leads to a dose-dependent increase in intrasexual aggression in both sexes, without any alteration of partner preference formation (Stribley and Carter, 1999) . These studies indicate that early-life manipulations of neural systems known to regulate adult social behavior can have dramatic and lifelong impacts on future social behavior.
Another neural system known to play a critical role in the regulation pair bond behavior in adult prairie voles is the mesolimbic dopamine system (Wang et al., 1999; Gingrich et al., 2000; Aragona et al., 2003 Aragona et al., , 2006 Liu and Wang, 2003) . Specifically, partner preference formation is facilitated by D2-like receptor activation and is inhibited by D1-like receptor activation (Wang et al., 1999; Aragona et al., 2006) , within the shell of the nucleus accumbens (NAc; Aragona et al., 2006) . Furthermore, Aragona et al. (2006) demonstrated that the striking shift from general affiliation to selective aggression toward novel conspecifics is at least in part mediated by an upregulation of D1-like receptors within the NAc. Taken together, these studies indicate that D2 receptors are involved in the induction of partner preference associated with the formation of the pair bond, whereas activation of D1like receptors inhibits partner preference formation and promotes pair bond maintenance.
However, unlike oxytocin and vasopressin, the effects of dopamine manipulations early in development on adult social behavior have received less attention. Previous research from our lab has found that infanticidal and anxiety-like behaviors are reduced in female animals neonatally exposed to the D2 antagonist eticlopride (Hostetler et al., 2010) . There has been no study of developmental alterations of dopaminergic systems on either partner preference formation or adult-directed aggression in prairie voles. Herein we look at the developmental consequences of a single neonatal pharmacological manipulation of dopamine receptors on adult social behaviors and dopamine receptor binding. We broadly hypothesized that, similar to the role of dopamine receptors on pair bonding, neonatal exposure to a D2 agonist would increase affiliative behaviors, whereas the D1 agonist would inhibit partner preference formation and increase aggression. To test these hypotheses, we administered two behavioral assays of sociality: a partner preference test and an intrasexual aggression test with a novel same-sex conspecific. We found that only activation of D1-like receptors early in development caused behavioral changes once voles were adults. To determine whether these changes were mediated by long-term changes in dopamine receptors, we performed receptor autoradiography for striatal D1-like and D2-like receptor binding on adult brains in animals that were administered dopamine drugs early in development.
Methods

Subjects
The prairie voles (Microtus ochrogaster) used in experiment I were from an outbred stock originally captured in Illinois and reared at the University of California, Davis. Colony rooms were maintained under controlled temperature, humidity, and light cycles (14 h light:10 h dark). Food (Purina high-fiber rabbit diet) and water were freely available. All procedures were approved and annually reviewed by the Institutional Animal Care and Use Committee of the University of California, Davis.
The prairie voles (Microtus ochrogaster) used in experiment II were from an outbred stock at the University of Michigan originally obtained from a colony at Florida State University. All animals were maintained on a 14 h light:10 h dark cycle in temperature-controlled rooms. Purina rabbit chow and water were freely available.
Experiment I: effects of neonatal dopamine receptor manipulation on adult social behavior
Pups were sexed and toe clipped for identification within 24 h of birth, then returned to their natal cage. Male and female pups were randomly assigned one of the following treatments: saline (vehicle control), or 1 mg/kg of SKF38393 (D1 agonist), quinpirole (D2 agonist), SCH23390 (D1 antagonist), or eticlopride (D2 antagonist) in 25 ml of volume. Age of treatment, drugs, and dosage were based on previous work with prairie voles and neonatal rodent studies (as described in Hostetler et al., 2010) . On postnatal day (P) 8, pups were removed from their parents and treatment was administered intraper-itoneally with a gas-tight Hamilton syringe. Animals were weaned at 21 days of age and housed in same sex pairs in standard mouse cages (27-cm long Â 16-cm wide Â 13-cm high) until testing as adults.
As adults, all animals received an elevated plus maze and alloparental care test (as reported in Hostetler et al., 2010) , and a juvenile affiliation test (data not shown). At approximately P80, each animal was given an intrasexual aggression test, a partner preference test, and second intrasexual aggression test on 3 consecutive days. Sample sizes for each test varied, and are reported in the 'Results' section.
Intrasexual aggression test I Animals were given a dyadic encounter test for intrasexual aggression (Winslow et al., 1993; Harper and Batzli, 1997; Bowler et al., 2002; Bales and Carter, 2003a) . The test animal was placed in a novel cage with an unfamiliar stimulus animal of the same sex and approximate age and size. Stimulus animals were prescreened for aggression and only nonaggressive animals were used. The testing cage was novel for both the animal and stimulus animal. The test was videotaped for 5 min and scored using Behavior Tracker 1.0 (www.behaviortracker.com) software by an experimentally blind observer. All tests occurred between 09:00 a.m. and 12:00 p.m. Scored behaviors were divided into four categories: aggression, defensive behavior, social contact, and other behavior. Aggressive behaviors were lunges (frequency) and chases (frequency and duration). Defensive behavior was scored as the frequency and duration of upright rearing posture directed at the stimulus animal. Affiliative behaviors included physical contact (duration) and allogrooming (duration). Displacement behaviors scored included autogrooming (duration) and exploratory cage rearing (duration).
All data were analyzed using nonparametric Kruskal-Wallis tests. Sex differences in each behavior were examined for control animals only. In addition, male and female animals were separately analyzed for treatment effects on each behavior. Significance was set at a P value of less than 0.05.
Partner preference test
Within 24 h of the first intrasexual aggression test, subjects were housed in standard mouse cages with a novel opposite sex partner. Male animals were housed with stimulus female animals for 24 h, and female animals were housed with stimulus male animals for 6 h. These sex-specific pairing times are sufficient for partner preference formation in the absence of mating (DeVries and . Pairing times occurred in the afternoon for male and mornings for female animals, with subsequent partner preference testing occurring between 15:00 p.m. and 19:00 p.m. Mating was not expected, as female prairie voles are induced ovulators (Carter et al., 1980) . In addition, therefore, stage of estrus was not a consideration. If mating occurred during testing (by either the test animals or stimulus animals), the test animal was removed from analysis. This resulted in two test animals being removed from the analysis.
After the cohabitation period, subjects participated in the partner preference test. The partner preference test chamber consisted of a central cage (27-cm long Â 16-cm wide Â 13-cm high) joined by hollow tubes to two parallel identical cages, each housing a stimulus animal (Williams et al., 1992 (Williams et al., , 1994 . The test animal was free to move throughout the apparatus, whereas stimulus animals were loosely tethered within each parallel cage and had no direct contact with each other. The familiar partner and an unfamiliar conspecific stranger of the opposite sex were used as stimulus animals. The test was videotaped for three hours using a time-lapse video recording system (5 : 1 compression) and scored using Behavior Tracker 1.0 software by an experimentally blind observer. Behaviors recorded were cage location and side-by-side contact with each stimulus animal.
A contact ratio was calculated as (contact time with partner)/(contact time with partner+contact time with stranger). If the animal did not spend time in contact with either animal, the contact ratio was set as 0. We also looked at the total time spent in contact with either the partner or stranger, defined as: (contact time with partner+contact time with stranger). The contact ratio and total contact time were examined with mixed-model analysis of variance with treatment, sex, and a sex Â treatment interaction as fixed factors, followed by Dunnett's post-hoc tests.
Intrasexual aggression test II
After partner preference testing, animals were housed alone with a cotton nestlet overnight. Access to bedding material such as a cotton nestlet has been shown to buffer corticosterone response to social isolation (Kim and Kirkpatrick, 1996) . The morning (09:00 a.m. to 12:00 p.m.) after partner preference tests, each animal was given a second intrasexual aggression test with a novel same-sex conspecific, as described above. This second aggression test, when compared with the prepartner preference aggression data, allows a comparison in changes in aggressive behavior after partner preference formation (Bales and Carter, 2003a) . Accordingly, only animals that participated in the partner preference tests were analyzed. In addition, some data were lost due to loss of videotape data. Therefore, sample sizes for analysis of test II are smaller than test I.
To examine changes in behaviors between the first and second intrasexual aggression tests, difference scores were calculated as (time/frequency of behavior in test II) -(time/frequency of behavior in test I). The resulting score would be positive if a given behavior increased in test II, negative if the behavior decreased in test II, and zero if there was no change in behavior. Treatment effects in the difference score were then analyzed separately for male and female animals by the Kruskal-Wallis tests.
Experiment II: effects of neonatal dopamine receptor manipulation on adult striatal dopamine receptors On the basis of behavioral results from experiment I, we selected specific treatments for the collection of postmortem tissue. A second cohort was given pharmacological manipulations during development and tissue collected as adults. There were two treatment groups for each sex: 1 mg/kg of SKF38393 or saline vehicle control. All neonatal procedures were performed as described in experiment I and were performed by S.L.H., who had also performed the majority of neonatal manipulations for experiment I while a student at UC-Davis. At 21 days of age, animals were weaned and housed in same sex sibling pairs until 60 days of age at which they were killed by live decapitation. Brains were removed, immediately frozen on dry ice, and stored at -801C. All procedures were in accordance with the animal care guidelines set by the University of Michigan.
Receptor autoradiography
Brain tissue was sectioned at 15 mm in thickness on a freezing cryostat and mounted onto glass slides at 90-mm intervals. The slides were stored in moisture-resistant conditions at -801C until the time of assay, with the exception of a 24-h period when the slides were defrosted but not moisture contaminated.
For D1-like and D2-like receptor binding, slides were twice rinsed in 50 mmol/l of Tris-HCl (pH 7.4) for 10 min and then incubated in buffer containing 50 mmol/l of Tris-HCl (pH 7.4), 120 mmol/l of NaCl, 5 mmol/l of KCl, 2 mmol/l of CaCl 2 , 1 mmol/l of MgCl 2 , and [ 125 I]-SCH23982 (D1 ligand) or [ 125 I]-iodosulpride (D2 ligand; PerkinElmer, Waltham, Massachusetts, USA). In addition, 50 nmol/l of ketanserin (RBI, Natick, Massachusetts, USA) was added to the D1 ligand solution to preclude binding to 5-HT 2 receptors. After an incubation period (150 min for D1-like receptors and 90 min for D2like receptors) at room temperature, sections were fixed in fresh cold buffer containing 0.1% paraformaldyhyde, rinsed in cold buffer several times, dipped in ice cold ddH 2 O, and dried under a stream of cool air. Nonspecific binding was defined by incubating adjacent sections in SCH23390, the D1-like receptor antagonist, or raclopride, the D2-like receptor antagonist, which displaced specific binding. Slides were exposed to BioMax MR film (Kodak, Rochester, New York, USA) for 6 h.
The regions of interest were the dorsal striatum (DS), NAc core, and NAc shell at 1.6 mm from bregma. This coronal region was chosen because it has previously been shown to be a site of dopaminergic regulation of pair bond behavior in prairie voles . Moreover, because specific subregions of NAc shell are known to differ anatomically and functionally the shell was separated into medial (mShell), ventral (vShell), and lateral (lShell) regions (Usuda et al., 1998; Voorn et al., 2004) . An increase in D1-like receptor density was expected in the medial and ventral shell because these are known sites of action of pharmacological manipulation of D1-like receptors in prairie voles . No change was expected in the lateral shell, which is anatomically and functionally more similar to the DS (Usuda et al., 1998; Voorn et al., 2004) , because D1-like receptor density does not differ in the DS of sexually naïve and pair-bonded prairie voles or between monogamous and nonmonogamous vole species . Optical density was measured for each region of interest using the National Institute of Health ImageJ software (http://rsbweb.nih.gov/ij/) and examined with mixed model analysis of variance with treatment, sex, and a sex Â treatment interaction as fixed factors.
Results
Independence of behavior in the partner preference and aggression tests
The three behavioral tests used in this experiment were specifically chosen to examine the effects of neonatal dopamine receptor treatments on different aspects of prairie vole behavior. Consistent with this assumption, the proportion of time spent in contact with the partner in the partner preference test was not significantly correlated with time spent engaging in any behavior during the first aggression test [n = 96: maximum r = 0.11, not significant (NS)] or duration difference scores after the second aggression test (n = 83: r = 0.22, P = 0.0504 for aggressive behavior; maximum r = 0.08, NS, for other behaviors). Although the correlation in difference score for aggressive behaviors approaches significance, the correlation accounts for less than 5% of the variance in contact ratio. As such, the behavioral tests performed in this study appear to represent independent, orthogonal measures without shared variance and were therefore analyzed without statistical correction for multiple measures.
Intrasexual aggression test I
Means, standard errors, and sample sizes for all recorded behaviors are presented for control animals in Table 1 . The levels of behavior exhibited in the intrasexual aggression test were similar to those previously published (Getz, 1962; Harper and Batzli, 1997; Stribley and Carter, 1999; Bales and Carter, 2003a) . Aggressive behavior (lunging and chasing) was low and did not differ between male and female animals. Defensive behavior (defensive rearing) was more frequent than aggressive behavior, but was still displayed at low levels. Of the behaviors measured, the majority of time was spent engaging in displacement behaviors (autogrooming and exploratory cage rearing). Sex differences in behaviors were compared between saline controls only. There were no significant sex differences in any behaviors (see Table 1 for statistics).
For analysis of treatment effects, sample size ranged from 9 to 14 animals per group (each sex analyzed separately for treatment effects). There were no significant differences based on treatment for any behavior in either sex. Neither frequency [male: U = 5.21, degree of freedom (df) = 4, NS; female: U = 0.32, df = 4, NS] nor duration (male: U = 6.56, df = 4, NS; female: U = 5.47, df = 4, NS) of aggressive behaviors was affected by any neonatal treatment.
Partner preference test
Animals given the D1 agonist SKF38393 as pups showed an inhibition of partner preference formation when they were tested as adults. Sample sizes are reported in Figure 1 . There was a significant main effect of treatment on the contact ratio (time spent in side contact with the partner divided by total side contact; F 4,94 = 2.71, P < 0.05), with SKF38393-treated animals spending proportionately less time in contact with the partner when compared with saline controls (P < 0.05; Fig. 1 ). There were no effects of any other treatment on the contact ratio. There was no difference in the time spent in total contact with either partner or stranger (F 4,94 = 1.37, NS).
Intrasexual aggression test II
Neonatal treatment did not affect behavior in the intrasexual aggression test aftercohabitation and partner preference testing. Means, standard errors, and sample sizes for difference scores are presented for all animals in Table 2 . Sample size ranged between 7 and 11 animals for each group and is presented in Table 2 (each sex analyzed separately for treatment effects).
There was an overall treatment effect in female animals only on the change in duration spent engaging in displacement behaviors (U = 9.96, df = 4, P < 0.05), but there were no significant differences between saline controls and any of the treatment groups. There were no other significant effects of neonatal treatment on the change scores for any behavior, including aggression (male frequency: U = 5.11, df = 4, NS, duration: U = 2.87, df = 4, NS; female frequency: U = 1.12, df = 4, NS, duration: U = 7.56, df = 4, NS).
D1 and D2 receptor autoradiography
Sample sizes for autoradiography per saline and SKF38393 treatment, respectively, were 11 and eight (males) and 10 and seven (females). Neonatal treatment with SKF38393 did not affect either D1-like or D2-like receptor binding in the striatum, although there were sex differences (Fig. 2) . For D1-like receptors, there were significant effects of sex in both the DS (F 1,34 = 4.62, P < 0.059) and NAc core (trend only: F 1,34 = 3.89, P = 0.057), with males showing higher receptor binding in both regions (Fig. 2b) . Males also had higher D2-like receptor binding in the medial (F 1,34 = 8.73, P < 0.01) and lateral (trend only: F 1,34 = 3.29, P = 0.078) divisions of the NAc shell (Fig. 2d ).
Discussion
This study demonstrates that exposure to a single manipulation of the dopamine system early in development has the ability to significantly alter the propensity of an adult prairie vole to form a partner preference later in life. As hypothesized, early treatment with the D1 agonist SKF38393 inhibited partner preference formation in both male and female animals. However, there were no treatment effects on interaction with a novel same-sex conspecific either before or after heterosexual cohabitation. These findings build on previous work showing that D1-like receptors play an inhibitory role in partner preference formation. A single neonatal treatment with the D1 agonist SKF38393 reduced partner preference formation in adult prairie voles (Fig. 1) . These results are of particular interest given that acute administration of SKF38393 into the NAc also prevents partner preference formation in adults . After 2-week cohabitation, D1 receptors are upregulated in the shell of the NAc. This increase in receptors is correlated with aggression toward opposite-sex strangers. This aggression may function to prevent the formation of a partner preference for a new individual, and maintain the integrity of the original pair bond. There is also evidence in adult prairie voles that the NAc is responsive to pharmacological treatment, as 3 days of repeated amphetamine administration increases D1 mRNA and receptors in the NAc of female (Young et al., 2011) and male animals (Liu et al., 2010) , respectively. For these reasons, we hypothesized that the lack of partner preference formation seen in D1 agonist-treated animals may be due to an upregulation of the D1-like receptors in the NAc. To test this hypothesis, we measured D1 receptors in the striatum of a separate cohort of neonatally treated SKF38393 and saline animals. We hypothesized that D1 receptors would be increased Treatment  Saline  Eticlopride  Quinpirole SCH23390 SKF38393  Saline  Eticlopride Quinpirole SCH23390 SKF38393   n  14  13  12  12  10  13  9  11  11  9 Statistics and P values (df = 1) Aggressive Frequency 1.0 ± 0.46 2.77 ± 1.22 1.0 ± 0.41 2.42 ± 1.07 1.80 ± 0.98 1.31 ± 0.44 1.11 ± 0.89 4.36 ± 1.64 1.36 ± 0.82 2.22 ± 1.61 U = 0.69, P = 0.41 Duration (s) 0.50 ± 0.50 1.15 ± 0.80 0 ± 0 1.42 ± 0.69 1.70 ± 1.32 0.0 ± 0.0 0.0 ± 0.0 1.25 ± 1.25 0.0 ± 0.0 0.33 ± 0.24 U = 0.93, P = 0.34 Defensive Frequency 4.78 ± 1.14 3.77 ± 0.92 8.08 ± 2.39 4.0 ± 1.69 3.80 ± 1.94 4.54 ± 1.47 4.56 ± 1.34 4.25 ± 1.48 3.82 ± 1.03 3.78 ± 1.40 U = 0.12, P = 0.73 Duration (s) 2.35 ± 0.61 2.38 ± 0.87 5.83 ± 1.91 4.75 ± 3.26 4.20 ± 2.36 2.77 ± 1.05 2.67 ± 1.14 2.83 ± 1.53 1.73 ± 0.62 2.67 ± 1.50 U = 0.62, P = 0.80 Social Duration (s) 11.7 ± 4.28 18.3 ± 9.28 16.33 ± 6.17 15.6 ± 8.39 28.6 ± 9.44 10.6 ± 3.19 17.0 ± 6.81 14.2 ± 7.17 4.36 ± 1.76 2.0 ± 0.83 U = 0.02, P = 0.90 Displacement Duration (s) 64.9 ± 12.5 79.5 ± 11.0 53.3 ± 8.5 59.7 ± 11.6 59.9 ± 7.9 64.5 ± 11.3 58.7 ± 15.9 59.3 ± 8.96 82.1 ± 10.2 51.8 ± 8.19 U = 0.03, P = 0.87
There were no sex differences in any behaviors measured (statistics and P values listed in table). in the SKF38393 animals, specifically in the NAc shell. The hypothesis was not supported, as there was no effect of early neonatal treatment on D1 receptors in any of the striatal regions examined (Fig. 2a ). However, this is not completely unsurprising when considering the lack of treatment effects on aggressive behaviors. The upregulation of D1 receptors after partner preference formation is associated with an increased aggression toward a novel conspecific . We also found no treatment effects on D2 receptor binding in the striatum. There are a number of remaining possible mechanisms for the inhibition of partner preference in SKF38393-treated animals, including altered synthesis or release of dopamine. Elucidating the mechanisms of this developmental effect warrants future research. A caveat to interpreting the results of experiments I and II is that each study was 5.77 -17.0 ± 11.7 -13.2 ± 8.52 -12.3 ± 10.5 -23.8 ± 9.38 -3.75 ± 6.19 -9.44 ± 9.03 -4.57 ± 6.82 -2.50 
Optical density
Optical density of dopamine receptor autoradiography in the striatum by neonatal treatment (pooled by sex; a and c) and sex (pooled by treatment; b and d). There were no differences in any region between animals treated with saline (dark bars) or SKF38393 (light bars). Males (white bars) had significantly higher receptor-specific and region-specific binding than females (hatched bars; * indicates P < 0.05, # indicates P < 0.10). lShell, lateral regions; mShell, medial; vShell, ventral.
performed on voles from separate institutions and founder colonies. Therefore, it is possible that neonatal treatments may produce different behavioral and molecular outcomes in these two populations. However, we believe this is ruled out by the fact that the colonies show identical and species-typical behaviors with respect to mating, social affiliation, and pair bonding.
Although neonatal treatment did not alter dopamine receptors in the striatum, we did observe sex differences in receptor binding, and these were region specific. Males had higher D1 receptor binding in the DS and NAc core (Fig. 2b) , and higher D2-receptor binding in the medial and lateral regions of the NAc shell (Fig. 2d) . The presence of sex differences is consistent with available literature on dopamine receptor distributions in prairie voles, although only a limited few regions have been studied in this species. Males have lower D1 receptors in the medial prefrontal cortex than females, but there are no sex differences in D2 receptors (Smeltzer et al., 2006) .
Male prairie voles also have less D1 receptor binding in the NAc shell compared with male meadow voles . It is relevant to note that both Smeltzer et al. (2006) and Aragona et al. (2006) found significant species differences in dopamine receptor distributions between prairie voles and nonmonogamous vole species, suggesting that available studies on receptor distributions in other laboratory species are unlikely to be appropriate comparisons for prairie voles.
Our present findings provide further support for regionspecific sex differences in dopamine receptors of prairie voles, but a systematic comparison of D1 and D2 receptor distribution across sexes and species would provide more complete information on the prairie vole dopamine system.
Partner preference formation was blocked in both male and female animals treated with the D1 agonist SKF38393. This result is similar to previous work showing that acute SKF38393 inhibits partner preference formation . These effects are highly specific, as neonatal exposure to SKF38393 did not alter behavior in any other tests, including elevated plus maze, alloparental care (Hostetler et al., 2010) , juvenile affiliation (Hostetler and Bales, unpublished) , and intrasexual aggression (Tables 1 and 2) . A shortcoming of this study is that we only examined whether treatments inhibited partner preference formation, but did not look at whether partner preference formation was improved by any of the conditions. For example, it is possible that neonatal exposure to a D2 agonist would facilitate partner preference formation. However, tests for facilitation and inhibition must be performed on separate animals. Given the numerous behavioral tests each animal received before the partner preference testing, an additional cohort of subjects and stimulus animals is beyond the scope of this study. Therefore, it is difficult to conclude that only a D1 agonist has developmental effects on pairbonding behavior in this species. Regardless, this and previous research (Hostetler et al., 2010) suggests that the dopamine receptor system may have broad and significant organizational effects on behavior during development.
The efficacy of dopamine receptor signaling is high at birth, and declines over the postnatal period (Kim et al., 2002) , suggesting that dopamine receptors are particularly responsive to pharmacological treatments during the first week of life. Our data support this, but understanding the development of this system with a clinical application is of particular relevance. Although we looked at receptor specific manipulations, it would be interesting to explore whether other treatments that are less receptor targeted and more directly relevant to humans may lead to similar effects. For example, cocaine acts as a dopamine reuptake inhibitor, leading to more available dopamine in the extracellular space and a corresponding increase in D1 receptor stimulation, leading to potentially similar effects on social behavior as our SKF38393 treated animals. Johns et al. (1998) found that chronic exposure to cocaine over the gestational period leads to alterations of social and aggressive behaviors in adult rats. Our research has shown that a single manipulation of the dopamine system can have long-term effects on social behavior during the neonatal period, modeling the late prenatal period in humans. This significant effect of a single injection suggests that future research should explore the effects of both acute and chronic developmental exposure of cocaine and other dopaminergic drugs on adult social behaviors in the prairie vole. The present findings indicate that the prairie vole is an excellent animal model for understanding the effects of early dopaminergic manipulations on the development of selective social behavior.
